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PROBLEM TO BE SOLVED: To provide a plasma treatment device which can make 
higher the plasma treatment speed for a sample by making the plasma concentration 
high in an area facing the sample and improve the patternization for etching fine hole 
pattern. 

SOLUTION: This plasma treatment device is provided with a dielectric layer 32 for 
microwave waveguide, a microwave introduction window 14 opposite to the 
dielectric layer 32, and a reaction container 1 1 in which a sample table 15 is arranged 
inside so as to face the window 14, and a recess 14a is formed on the area facing to 
the table 15 in the window 14. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] . . . 

[Drawing H It is typical drawing of longitudinal section of the 1st gestalt of the plasma treatment equipment of this invention. 

[Drawing 2] It is the ** type view showing one example of the microwave introduction aperture of the plasma treatment 
equipment of this invention, and (a) is a cross section and (b) is a bottom plan view. 

[Drawing 31 It is the typical cross section showing example with the another microwave introduction aperture ot the plasma 
treatment equipment of this invention. „ , . j ^. 

[Drawing 41 It is the typical cross section showing still more nearly another example of the microwave introduction aperture 
of the plasma treatment equipment of this invention. m 
[Drawing 51 It is the typical cross section showing still more nearly another example of the microwave introduction aperture 
of the plasma treatment equipment of this invention. 

fPrawing 61 It is typical drawing of longitudinal section of the 2nd gestalt of the plasma treatment equipment ot this 

invention. . ^ ^ 

[Drawing 7] It is the typical cross section showing one for a microwave introduction window part of the plasma treatment 

equipment of this invention. m 

[Drawing 81 It is the typical cross section showing another example for a microwave introduction window part ot the plasma 
treatment equipment of this invention. . 
[Drawing 91 It is the typical cross section showing still more nearly another example for a microwave introduction window 
part of the plasma treatment equipment of this invention. 

fPrawing 101 It is drawing showing the measurement result of the etching rate to the microwave introduction aperture trom 
which the crevice depth differs. ad 
[Drawing 111 the ** type view of the observation photograph of the etching cross-section configuration over Aperture fc> 
(example of this invention) -- it is (a) ~ after [ of plasma electric discharge ] 20 minutes, and (b) - after [ of plasma electric 
discharge ] 570 minutes, and (c) - after [ of plasma electric discharge ] 970 minutes - etching - it is a thing the bottom 
fPrawing 121 the ** type view of the observation photograph of the etching cross-section configuration over Aperture G 
(exampleof comparison) - it is - (a) - after [ of plasma electric discharge ] 20 minutes, and (b) - after [ of plasma electric 
discharge ] 570 minutes, and (c) - after [ of plasma electric discharge ] 970 minutes - etchmg -- it is a thing the bottom 
[Drawing 131 It is drawing showing the measurement result of etching-rate homogeneity of the crevice diameter DA 1 of a 
microwave introduction aperture. 

[Drawing 141 It is drawing showing the change to the plasma charging time value of the number of particle. 

fPrawing 151 It is the typical cross section showing the plasma treatment equipment using the conventional dielectric layer. 

[Pescription of Notations] 

1 1 Reaction Container 

12 Reaction Chamber 

14 Microwave Introduction Aperture 
14a Crevice 

14b Heights (counterelectrode nose-of-cam protection section) 
14c Heights (counterelectrode nose-of-cam protection section) 
14d Aperture main part 
14e Annular section 

15 Sample Base 

16 Pedestal 

1 7 Plasma Shield ~ Member 

18 Insulating Member 

19 0 Ring 

20 O Ring 

21 Counterelectrode 

2 1 a The nose of cam of a counterelectrode 
23 Microwave Transparency Field Limit Board 
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23a Hole 

25 Gas Introduction -- Hole 

26 Exhaust Port 

3 1 Centrum 

32 Dielectric Layer 

33 Metal Plate 

34 Waveguide 

35 Microwave Oscillator 

41 Resist 

42 Silicon Oxide 

43 Silicon 


[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention generates plasma using microwave and relates to the plasma treatment equipment 
which processes etching, ashing, CVD (Chemical Vapor Deposition), etc. to a semiconductor device substrate, the glass 
substrate for liquid crystal displays (LCD), etc. 
[0002] 

[Description of the Prior Art] In the LSI manufacture process, energy is given to reactant gas from the exterior, plasma is 
generated, and processing etching, ashing, CVD, etc. using this plasma is performed widely. Especially the dry etching 
technology using plasma is the indispensable basic technology for this LSI manufacture process. 

[0003] In recent years, the equipment which uses microwave and is made to generate plasma in addition to the equipment 
which uses an about 13.56MHz RF for such plasma treatment, and is made to generate plasma is used increasingly. Compared 
with the direction which uses microwave using the RF around 13.56MHz, it is eye an easy hatchet to generate high-density 
plasma. 

[0004] However, generally with the plasma treatment equipment using microwave, there is a problem that it is difficult to 
generate plasma uniformly to a latus field. Then, these people have proposed the plasma treatment equipment which used the 
dielectric layer that this problem should be solved (JP,62-5600,A). 

[0005] Drawing 15 is the typical cross section showing the plasma treatment equipment using the conventional dielectric 
layer. 

[0006] The sample base 15 is arranged in the interior of the reaction container 1 1 (reaction chamber 12), it is prepared in the 
upper part of the reaction container 1 1 so that the microwave introduction aperture 14 may meet the sample base 1 5, and the 
reaction chamber 12 is closed airtightly. And the microwave introduction aperture 14 is countered and the dielectric layer 32 
is formed on both sides of the centrum 3 1 . As a microwave introduction aperture 14, the plate of quartz glass (Si02) or an 
alumina (aluminum 203) is used. 

[0007] It oscillates in a microwave oscillator 35 and microwave is introduced into a dielectric layer 32 through a waveguide 
34. Electric field are formed under the dielectric layer 32 of the microwave which spreads a dielectric layer 32, the gas by 
which this electric field penetrate the microwave introduction aperture 14, are introduced into a reaction chamber 12, and are 
introduced by this electric field from the gas introduction pipe 25 is excited, and plasma is generated. By this plasma, plasma 
treatment, such as etching, is performed to the front face of Sample S. 

[0008] This equipment equips the latus plane region with the advantage that plasma can be generated uniformly, by enlarging 

area of the microwave introduction aperture 14 and a dielectric layer 32. 

[0009] 

[Problem(s) to be Solved by the Invention] However, in the plasma treatment equipment using the conventional dielectric 
layer, in order to secure the homogeneity within the sample side of plasma treatment speed, it is considering as the 
composition which generates plasma in a latus field compared with a sample. Therefore, there were a problem that plasma 
density falls on the whole and the plasma treatment speed of a sample falls, and a problem [ not **********ing to a 
perpendicular to a hole pars basilaris ossis occipitalis in etching of a detailed hole pattern (omission nature aggravation of a 
pattern) ]. 

[0010] this invention aims at offering the plasma treatment equipment which the plasma treatment speed of a sample is raised 
and can raise the omission nature of a pattern in etching of a detailed hole pattern by being made in order to solve the 
above-mentioned technical problem, and raising the plasma density of the field irradiated by the sample. 
[0011] 

[Means for Solving the Problem] The plasma treatment equipment of this invention is plasma treatment equipment which 
equips the interior with the reaction container with which the sample base is arranged, as the microwave introduction aperture 
countered and prepared in the dielectric layer for microwave waveguides and the dielectric layer and this microwave 
introduction aperture are met, and thickness of the field which meets the sample base of a microwave introduction aperture is 
characterized by the thin thing compared with the outside. 

[0012] In addition, the "field which meets a sample base" said here means "the field which meets the sample installation side 
on a sample base." 

[0013] With the equipment of the above-mentioned composition using the dielectric layer, the dielectric layer was made to 
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introduce and spread microwave and the microwave which leaks from this dielectric layer is introduced in a reaction container 
through a microwave introduction aperture. That is, it depends for the intensity of the microwave in a reaction container on 
the thickness of the distance from a dielectric layer, and a microwave introduction aperture. 

[0014] Then, as a result of examining paying attention to the thickness of a microwave introduction aperture, by making 
thickness of a microwave introduction aperture thin partially, under the thin field, this invention persons checked that plasma 
occurred strongly, and completed this invention. 

[0015] That is, with the plasma treatment equipment of this invention, thickness of the microwave introduction aperture of the 
field which meets the sample on a sample base and directly is made thin compared with the outside. Therefore, the plasma of 
this field irradiated by the sample on a sample base is strongly generated compared with the plasma of the field irradiated by 
the other field, and it can consider as efficient plasma density distribution at processing of a sample. Consequently, the plasma 
treatment speed of a sample can be raised and the omission nature of a pattern can be raised in etching of a detailed hole 
pattern. 

[0016] Moreover, the plasma treatment equipment of this invention changes plasma density distribution by changing the 
thickness of a microwave introduction aperture with a position focusing on the portion which meets a sample. Therefore, it 
not only performs uniform plasma treatment to a sample, but it can raise plasma treatment speed of the center section of the 
sample to reverse if needed by choosing appropriately the distribution by the position of the thickness of this microwave 
introduction aperture. 
[0017] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. 
[0018] (Gestalt -1 of operation) 

(The whole equipment composition) Drawing 1 is typical drawing of longitudinal section of the 1st gestalt of the plasma 
treatment equipment of this invention. 1 1 in drawing is the reaction container of a hollow rectangular parallelepiped 
configuration, and is formed with metals, such as aluminum and stainless steel. 

[0019] The reaction chamber 12 is established in the interior of the reaction container 1 1. In the upper part of the reaction 
container 1 1, the microwave introduction aperture 14 by which crevice 14a is formed in the portion which meets Sample S is 
formed through O ring 20, and the reaction chamber 12 is airtightly closed. 

[0020] It is arranged in the position where the sample base 15 meets the microwave introduction aperture 14 in a reaction 
chamber 12, and Sample S is laid on this sample base 15. the constant temperature for holding the mechanisms (not shown) 
and Samples S for the sample base 15 holding Sample S, such as an electrostatic chuck, to predetermined temperature -- it has 
the medium circulator style (not shown) etc. it is fixed on a pedestal 16 and the sample base 15 is insulated by insulating 
member 18 in the reaction container 1 1 - having -- **** « moreover, the circumference of the sample base 15 -- a plasma 
shield -- it is covered by the member 17 

[0021] the gas introduction for introducing gas into the reaction container 1 1 in a reaction chamber 12 ~ the exhaust port 26 
connected to a hole 25 and the exhaust (not shown) is formed The circumference wall of the reaction container 1 1 can be 
heated now to predetermined temperature at a heater (not shown). 

[0022] In the upper part, as the dielectric layer 32 covered with the metal plates 33, such as aluminum, counters above the 
reaction container 1 1 with the microwave introduction aperture 14, it is arranged in it. The microwave oscillator 35 is 
connected with the dielectric layer 32 through the waveguide 34. A dielectric layer 32 consists of material with small 
dielectric loss, such as a fluororesin, polyethylene, and polystyrene. As frequency of microwave, 2.45GHz is used, for 
example. 

[0023] (Microwave introduction aperture) The microwave introduction aperture 14 has thermal resistance and microwave 
permeability, and should just form them with dielectrics, such as quartz glass (Si02) with small dielectric loss, and an alumina 
(aluminum 203). 

[0024] What is necessary is to delete the portion which meets the sample S of the microwave introduction aperture 14, and 
just to form a crevice, in order to make thin thickness of the portion which meets the sample S of the microwave introduction 
aperture 14 compared with the lateral part. Although the direction established in a reaction chamber 12 side is effective, you 
may establish a crevice in the side which meets a dielectric layer 32. 

[0025] Superficially, what configuration is sufficient as a round shape, a rectangle, etc., and the configuration of a crevice 
should just determine them in consideration of the homogeneity within a sample side of the configuration of a sample, or 
plasma treatment speed. For example, when processing a silicon wafer, in many cases, it is desirable to suppose that it is 
circular. 

[0026] What is necessary is just to decide the path of a crevice according to the purpose, when aiming at uniform plasma 
treatment, or when aiming at raising the plasma treatment speed of the center section of the sample. In order to improve 
homogeneity, it is usually desirable to consider as about 1.0 to 1.2 times to the path of a sample. Moreover, it is usually 
desirable to consider as about 0.9 or less times to the path of a sample to raise especially the plasma treatment speed of the 
center section of the sample. 

[0027] What is necessary is just to decide the depth of a crevice in consideration of the plasma treatment speed of the plasma 
treatment made into the purpose, and its homogeneity. For example, when aiming at improvement in plasma treatment speed 
and the thickness of a microwave introduction aperture is usually 30mm, as for the depth of a crevice, it is desirable to be 
referred to as 4mm or more, and when the thickness of a microwave introduction aperture is 20mm, it is desirable [ the depth 
of a crevice ] to be referred to as 2mm or more. That is, as for the depth of a crevice, it is desirable to consider as about 0.1 or 
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more times to the thickness of a microwave introduction aperture. However, if the remaining thickness is set to 10mm or less, 
since the problem on intensity will arise, as for any microwave introduction aperture of thickness, it is desirable to decide the 
depth of a crevice that the thickness beyond this remains. 

[0028] Drawing 2 is the ** type view showing one example of a microwave introduction aperture, (a) is a cross section and 
(b) is a bottom plan view. Circular crevice 14a (a diameter DA, depth HA) is prepared in the center section in which the 
microwave introduction aperture 14 of this example meets Sample S. 

[0029] Drawing 3 is the typical cross section showing example with an another microwave introduction aperture. The 
microwave introduction aperture 14 may consist of two or more members like 14d of aperture main parts shown in this 
drawing, and annular section 14e. 

[0030] Drawing 4 is the typical cross section showing still more nearly another example of a microwave introduction aperture. 
Crevice 14a of a microwave introduction aperture is good also as stair-like, as shown in drawing 4 (a), and as shown in 
drawing 4 (b), it is good also as the shape of a taper. 

[003 1] Moreover, crevice 14a of a microwave introduction aperture is good also as an arc. 

[0032] Drawing 5 is the typical cross section showing the example of the microwave introduction aperture which formed the 

crevice in the side which meets a dielectric layer. As mentioned above, although the direction established in a reaction 

chamber 12 side is effective, you may establish a crevice in the side which meets a dielectric layer. 

[0033] (The plasma treatment method) The case where plasma treatment, such as etching, is performed to the front face of 

Sample S is explained based on drawing 1 using the plasma treatment equipment constituted in this way. 

[0034] ** a reaction chamber 12 -- from an exhaust port 26 -- exhausting -- the blasting-fumes introduction -- supply gas to a 

reaction chamber 12 from a hole 25 

[0035] ** Oscillate microwave from a microwave oscillator 35 and introduce microwave into a dielectric layer 32 through a 
waveguide 34. The microwave which leaks from a dielectric layer 32 penetrates the microwave introduction aperture 14, 
makes a reaction chamber 12 generate plasma, and etches into Sample S. 

[0036] Since crevice 14a is prepared in the portion right above the sample S of a microwave introduction aperture, it is thin 
compared with other portions at this time and the field strength of microwave is strong, the plasma density of this field is 
raised and the plasma treatment speed of Sample S can be raised. 

[0037] Moreover, by what the configuration of crevice 14a of a microwave introduction aperture is changed for (the 
distribution by the position of the thickness of the microwave introduction aperture 14 is changed), since plasma density 
distribution can be changed, more uniform plasma treatment can be performed to a sample, or plasma treatment speed of the 
center section of the sample S can also be raised to reverse if needed. 
[0038] (Gestalt -2 of operation) 

(The whole equipment composition) Drawing 6 is typical drawing of longitudinal section of the 2nd gestalt of the plasma 
treatment equipment of this invention. 

[0039] This equipment performs plasma treatment, impressing a RF to Sample S, and, in addition to the equipment 
configuration of drawing 1 , RF generator 28 and counterelectrode 21 which are connected to the sample base 15 are 
prepared. The counterelectrode 21 is formed in the periphery section of the microwave introduction aperture 14 in a 
configuration which is jutted out of the circumference wall of the reaction container 1 1, and plays the role of the grounding 
electrode to the sample base 15 on which a RF is impressed. By making a counterelectrode 21 into such a configuration, the 
bias potential stabilized in Sample S can be generated. This counterelectrode 2 1 is produced with the aluminum by which 
alumite processing of the front face was carried out. 400kHz, 13.56 etc.MHz, etc. are used as frequency of RF generator 28. 
[0040] With this equipment, the microwave transparency field limit board 23 is further formed on the microwave introduction 
aperture 14. the microwave transparency field limit board 23 -- the center section of the metal plates, such as aluminum, -- a 
hole -- 23a is prepared, ****** by which microwave is introduced into a reaction chamber 12 limits, and a predetermined 
field is made to generate plasma 

[0041] (A part for a microwave introduction window part) Drawing 7 is the typical cross section showing one example for a 
microwave introduction window part. 

[0042] A round shape not only does crevice 14a (diameter DA 1, depth HA1) formation of the microwave introduction 
aperture 14 of this example, but it has protected nose-of-cam 21a of a counterelectrode from plasma by having annular heights 
14b (a bore DA 1, an outer diameter DA 2). 

[0043] By making the microwave introduction aperture 14 into such a configuration, it can prevent that the spatter of the front 
face of nose-of-cam 21a of a counterelectrode is carried out, and it not only raises the plasma density of the field on Sample S, 
but can also reduce the occurrences of particle. 

[0044] Drawing 8 is the typical cross section showing another example for a microwave introduction window part. 
[0045] You may protect nose-of-cam 21a of a counterelectrode from plasma as a configuration as shows the microwave 
introduction aperture 14 in this drawing. 

[0046] Drawing 9 is the typical cross section showing still more nearly another example for a microwave introduction window 
part. 

[0047] When especially generating of particle does not become a problem, as shown in this drawing, it is good also as a 
microwave introduction aperture 14 without the portion which protects nose-of-cam 21a of a counterelectrode from plasma. 
[0048] (The plasma treatment method) The case where plasma treatment, such as etching, is performed to the front face of 
Sample S is explained based on drawing 6 using the plasma treatment equipment constituted in this way. 
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[0049] ** a reaction chamber 12 - from an exhaust port 26 - exhausting -- the blasting-fumes introduction supply gas to a 
reaction chamber 12 from a hole 25 

[0050] ** Oscillate microwave from a microwave oscillator 35 and introduce microwave into a dielectric layer 32 through a 
waveguide 34. The microwave which leaks from a dielectric layer 32 penetrates the microwave introduction aperture 14, and 
a reaction chamber 12 is made to generate plasma. 

[0051] ** Impress a RF to the sample base 15 using RF generator 28 almost simultaneously with plasma generating, and make 
a sample S front face generate bias voltage. Controlling the energy of the ion in plasma by this bias voltage, ion is made to 
irradiate the front face of Sample S, and plasma treatment, such as etching, is performed to Sample S. 
[0052] At this time, a crevice is established in the portion right above the sample S of a microwave introduction aperture, 
compared with other portions, it is thin, and the field strength of microwave becomes strong. Therefore, the plasma density of 
this field can be raised, and the plasma treatment speed of Sample S can be raised, and the omission nature of a pattern can be 
raised in etching of a detailed hole pattern. 

[0053] Moreover, the homogeneity of plasma treatment speed can be raised by making the configuration of the crevice of a 
microwave introduction aperture suitable. 

[0054] Moreover, it can prevent the configuration from which the front face of a counterelectrode is protected for the 
configuration of a microwave introduction aperture, then that the spatter of the nose of cam of a counterelectrode is carried 
out further, and the occurrences of particle can also be reduced. 

[0055] In addition, control of ion is suitable for the plasma treatment equipment of this example to especially important 

processing like the etching process of the hole pattern of a silicon oxide (Si02). 

[0056] 

[Example] The example of this invention is explained. The plasma treatment equipment used by this example is shown in 

drawing 6 and drawing 7 . The microwave introduction aperture was produced with the quartz and the thing of seven kinds of 

configurations shown in Table 1 was used. Moreover, the frequency of microwave set frequency of 2.45GHz and a RF to 

400kHz. 

[0057] 

[Table 1] 
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[0058] (Examination 1) The etching rate of a silicon oxide was measured using the microwave introduction aperture from 
which the depth HA 1 of a crevice differs. The silicon oxide etched by making into a sample the 6 inch silicon wafer formed 1 
micrometer about three kinds of microwave introduction apertures, the aperture A of Table 1 (1= 12mm of HA(s)), Aperture 
B (1= 2mm of HA(s)), and Aperture G (1= 0mm of HA(s)). The etching conditions are as follows. Used gas: CHF3, 
microwave power: 1 300 W, RF power:600W. 

[0059] Drawing 10 is drawing showing the measurement result of the etching rate to each aperture. 

[0060] By enlarging the crevice depth HA1, the thing which is made to increase an etching rate and which can carry out 

things was checked. 

[0061] (Examination 2) Using the microwave introduction aperture which the crevice prepared, and the microwave 
introduction aperture which does not prepare a crevice, 0.4-micrometer hole pattern was etched to the silicon oxide, the 
etching cross-section configuration was observed, and pattern omission nature was evaluated. The used microwave 
introduction aperture is Aperture B (those with a crevice) and Aperture G (with no crevice) of Table 1. On a 6 inch silicon 
wafer, 1.5 micrometers of silicon oxides are formed and, as for the used sample, the resist pattern of the upper 0.4-micrometer 
hole is formed further, the sample in which it ********** e d and ********** ec j ^ sam pi e for every time of a predetermined 
addition plasma charging time value ~ a scanning electron microscope (SEM) - using — an etching cross-section 
configuration ~ having observed . The etching conditions are as follows. Used gas: CHF3 And CO, microwave 
power: 1300 W, RF power:600W. 

[0062] the ** type view of the observation photograph of the etching cross-section configuration as opposed to Aperture B 
(example of this invention) in drawing 1 1 - it is -- (a) -- after [ of plasma electric discharge ] 20 minutes, and (b) -- after [ of 
plasma electric discharge ] 570 minutes, and (c) — after [ of plasma electric discharge ] 970 minutes -- etching - it is a thing 
the bottom Moreover, the periphery of a center is a thing with a position of 10mm from the edge of a wafer about the center 
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position of a wafer. 

[0063] the ** type view of the observation photograph of the etching cross-section configuration as opposed to Aperture G 
(example of comparison) in drawing 12 -- it is - drawing 1 1 - the same - (a) after [ of plasma electric discharge ] 20 
minutes, and (b) - after [ of plasma electric discharge ] 570 minutes, and (c) after [ of plasma electric discharge ] 970 
minutes etching ~ it is a thing the bottom Moreover, the periphery of a center is a thing with a position of 10mm from the 
edge of a wafer about the center position of a wafer as well as drawing 1 1 . 

[0064] Even if the plasma charging time value became long in the example of this invention, the hole of a perpendicular 
configuration could be formed and pattern omission nature was good, so that drawing 1 1 might show. On the other hand, 
although the hole of a perpendicular configuration was able to be formed in the example of comparison when a plasma 
charging time value was short ( drawing 12 (a)) so that drawing 12 might show, the configuration of a hole was tapering off 
and pattern omission nature was getting worse as the plasma charging time value became long ( drawing 12 (b), drawing 12 
(c)). 

[0065] That is, it checked that the pattern omission nature at the time of etching could be improved by preparing a crevice. 
[0066] (Examination 3) Using the microwave introduction aperture from which the diameter DA 1 of a crevice differs, the 
silicon oxide was ********** e d m( } the homogeneity within a wafer side of an etching rate (etching-rate homogeneity) was 
measured. It examined about five kinds of microwave introduction apertures, the aperture A of Table 1, Aperture C, Aperture 
D, Aperture E, and Aperture F. A sample and etching conditions are the same as the thing of examination 1 . 
[0067] Drawing 13 is drawing showing the measurement result of etching-rate homogeneity of the crevice diameter DA 1 of a 
microwave introduction aperture. In addition, the dotted line in drawing is as a result of the aperture F (example of 
comparison) which has not prepared the crevice. 

[0068] By making the crevice diameter DA 1 into the range of 150mm - 180mm, it checked that the homogeneity of an 
etching rate was improved compared with the aperture F (example of comparison) which does not prepare a crevice. 
[0069] (Examination 4) Using the aperture A by which the nose of cam of a counterelectrode is protected, and the aperture G 
(example of comparison) by which the nose of cam of a counterelectrode is not protected, plasma is generated, time change of 
the number of particle is measured, and it is **. The number of particle was made to count the thing 0.2 micrometers or more 
on a 6 inch wafer. The plasma generating conditions are as follows. Used gas: CHF3 and CO, microwave power: 1300W, RF 
power:600W. 

[0070] Drawing 14 is drawing showing the change to the plasma charging time value of the number of particle. 
[0071] The number of particle on a wafer was stable in less than 50 pieces with Aperture A (example of this invention). On 
the other hand, by the Aperture G (example of comparison), when predetermined time was passed, the number of particle on a 
wafer was over 100 pieces. 

[0072] That is, it checked that the increase in the number of particle could be suppressed by preparing the nose-of-cam 

protection section of a counterelectrode. 

[0073] 

[Effect of the Invention] As explained in full detail above, by raising the plasma density of a specific field, the plasma 
treatment equipment of this invention can raise the plasma treatment speed of a sample, and can raise the omission nature of a 
pattern in etching of a detailed hole pattern. Moreover, the homogeneity of plasma treatment speed can be raised by 
optimizing the configuration of the crevice established in a microwave introduction aperture. 

[0074] Furthermore, when an electrode etc. needs to prepare near the microwave introduction aperture, it can consider as the 
configuration from which it is protected, and the number of particle can also be reduced. 


[Translation done.] 
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a dielectric layer 32 for microwave waveguide, a 
microwave introduction window 14 opposite to the 
dielectric layer 32, and a reaction container 11 in 
which a sample table 15 is arranged inside so as to face 
the window 14, and a recess 14a is formed on the area 
facing to the table 15 in the window 14. 
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